or by polyethylene glycol (PEG) treatment (Koybayashi and Uchiyama, 1989 ; Vardi et al., 1990) . The technique of Agrobacterium -mediated transformation is relatively easy to obtain genetic transformants, but the method has the host range limitations among species and varieties. In Citrus , Agrobacterium -mediated transformation was not achieved in mandarin (Hidaka et al., 1990 ) which included satsuma mandarin (C. unshiu Marc.) as well as ponkan (C. reticulata Blanco) used in this experiment.
The experimental approach most extensively used involves DNA uptake into protoplasts by treatments with PEG or electroporation. It does not have the host range limitations. A number of recent studies suggest that electroporation is a more efficient procedure than the PEG-mediated method for the introduction of DNA into cells (Yang et al., 1988 ; Fennell and Hauptmann, 1992) . In addition, PEG has been shown to be highly toxic to protoplasts of several species (Constabel et al., 1975 ; Karth et al., 1974 The GUS activity was highest at 0.1 mM CaCl2 as can be seen in Fig. 5 . The next highest activity was at 1mM and the lowest was at 10 mM, lower than that in the buffer without CaCl2. Histochemical GUS assay of callus colonies formed
Callus colonies were formed after 1 to 2 months of culture. Figure 6 shows an in situ assay of GUS activity in transformed callus colonies. Transformants were stained blue. No blue color was observed in untransformed control cultures.
Discussion
Genes introduced into plant protoplasts may not always respond to the factors that regulate the expression in entire plant, nevertheless, electroporation is one of the rapid and less laborious methods to study the molecular basis of gene expression (Fromm et al., 1985) .
In our experiments, the maximal GUS activity was shown in the protoplasts electroporated at 1,200 V • cm-1. However, the rates of formation of callus colonies were decreased significantly following electroporation at 400 V • cm-1 and few callus colonies were formed at voltages above 1,000 V cm-1. By the observation just after Capacitance affects the duration time of pulses.
In our experiments, the highest GUS activity was shown in the cells electroporated at 5.5 µF. For the reason mentioned above, the other capacitor might be effective to regenerate transformants.
In carrot, Bower and Birch (1990) showed that proportion of protoplasts expressing GUS activity increases up to 20 µg • ml-1 while it begins to become plateau at DNA concentrations of between 20 and 50 µg ml-1. In the case of electroporated tabacco protoplast, the recovery of stable transformants per µg plasmid declined when the plasmid concentrations in the buffer exceeded 10 µ g ml-1 (Shillito et al., 1985) . Our results in Fig. 4 . Effects of heat shock treatments on GUS activity in protoplasts.
After supplying 20 µg ml-1 pBI221, a pulse was generated at 1,200 V • cm-1 with a 5.5 µF capacitor. Each heat shock was added for 5 min before (Pre-EP) or after (Post-EP) electroporation. protoplasts. After adding 20 µg • ml -1 pBI221 , a pulse was generated at 
